Clarifying the relationship between illicit drug use and HIV-1 virologic suppression requires characterization of both illicit drug use activity and adherence to antiretroviral therapy (ART). We developed a rapid clinical questionnaire to assess prior 7-day illicit drug use and ART adherence in a cross-sectional study among 1777 HIV-infected persons in care. Of these, 76% were male, 35% were African-American, and 8% reported injection drug use as their probable route of HIV-1 infection. Questionnaire-reported frequencies of cocaine and marijuana use within the previous 7 days were 3.3% and 12.1%, respectively. Over three quarters (77.8%) of participants were on ART, of whom 69.7% had HIV-1 virologic suppression (HIV-1 RNA B48 copies/mL). Univariate analyses revealed that compared to no use, cocaine and marijuana use were both associated with missed ART doses (PB0.01). Multivariable logistic regression analysis adjusting for nonadherence demonstrated that cocaine use was independently associated with failing to achieve virologic suppression (adjusted odds ratio (aOR): 0.46; 95% confidence interval (95% CI): 0.22Á0.98) but marijuana use was not (aOR: 1.08; 95% CI: 0.72Á1.62). This result strengthens the evidence of a direct effect of cocaine on virologic control, independent of nonadherence to ART.
Introduction
Illicit drug use is an important cofactor in the ongoing human immunodeficiency virus (HIV)-1 pandemic. In the USA, an estimated 1.0-1.2 million persons are living with HIV/AIDS (Centers for Disease Control [CDC], 2008) . Drug use is common in this population. Some studies suggest that the prevalence rates of recent cocaine and marijuana use could be as high as over 50% and 30%, respectively (Baum et al., 2009; Cofrancesco et al., 2008; Hessol et al., 2007; Sohler et al., 2007) . Although AIDSrelated morbidity and mortality have significantly decreased since the introduction of effective antiretroviral therapy (ART) (Mocroft et al., 2003; Walensky et al., 2006) , HIV-infected drug users may have less access to ART (Bogart, Kelly, Catz, & Sosman, 2000; Cofrancesco et al., 2008; Lucas, Cheever, Chaisson, & Moore, 2001; McGowan et al., 2011) , be less adherent to ART (Arnsten et al., 2002; Hinkin et al., 2007; Mills et al., 2006) , have poorer virologic control (Arnsten et al., 2002; Cofrancesco et al., 2008; Lucas et al., 2001) , and ultimately have worse clinical outcomes than nondrug users (Hogg et al., 2002; Lima et al., 2009; Lucas, Gebo, Chaisson, & Moore, 2002; Qian et al., 2011; Wood et al., 2003) .
Research in this area has been problematic and often contradictory because of the heterogeneity of the drug-using population and the difficulty in measuring drug use and adherence to ART. Variation in the reporting and analysis of drug use includes active versus historical use, injection versus noninjection routes, type of drug, and frequency of use (Kapadia, Vlahov, Donahoe, & Friedland, 2005) . A recent review of the literature on noninjection drug use and HIV disease progression found great heterogeneity in how active drug use was analyzed (Kipp, Desruisseau, & Qian, 2011) . Similarly, ART adherence assessment may differ with regard to duration of recall, self-report versus objective measurement, and the format for self-report: frequency of missed doses, proportion of doses taken correctly, or Likert-type responses concerning ability to take or frequency of taking doses as prescribed (Berg, Wilson, Li, & Arnsten, 2010; Deschamps et al., 2008; Simoni et al., 2006; Wilson, Carter, & Berg, 2009 ). Recent reports suggest that single item measures may perform as well or better than detailed multi-item measures and have the added benefit of increased feasibility in the clinic setting (Berg et al., 2010; Deschamps et al., 2008) . The literature contains a variety of recall periods, often chosen based on research or clinical objectives (Simoni et al., 2006; Wilson et al., 2009) . Recall times of 7 days and 30 days are most common (Simoni et al., 2006) , and recall over a short, recent time period (e.g., 7 days) is most likely easiest for the patient.
We developed a rapid clinical questionnaire to collect recent drug use and adherence data for informing treatment decisions. The questionnaire was administered at every visit to patients attending an outpatient HIV clinic in Nashville, Tennessee, and assessed prior 7-day drug use and missed ART doses. The purpose of this study was to use questionnaire data to identify factors associated with poor HIV-1 virologic control in our cohort, especially with respect to drug use.
Methods

Study design and data collection
This cross-sectional, observational study utilized data from HIV-1-infected individuals 18 years or older who presented for routine care at the Comprehensive Care Center (CCC) in Nashville, Tennessee, between 20 May 2008 and 31 December 2008. The study was approved by Vanderbilt University Medical Center's Institutional Review Board. ART adherence and drug use data were collected by CCC medical providers using a brief questionnaire (Table 1) modified from previously validated questionnaires (Chesney et al., 2000; Toobert, Hampson, & Glasgow, 2000) . Using consecutive sampling at routine clinic visits, providers first asked patients how many times they missed any ART doses within the last 7 days and secondly, how many times they used drugs (marijuana, cocaine/crack cocaine, amphetamine/crystal methamphetamine, heroin or ''other'' drugs) within the last 7 days. Responses to both questions were recorded by each provider on a paper form and were later classified categorically as ''yes'' or ''no,'' with the option ''Not on ART'' for those not prescribed ART at the time their questionnaire was administered.
In addition to questionnaire data, patient data were collected from the CCC electronic medical record. The primary outcome was plasma HIV-1 RNA level obtained 510 days before or after completion of the questionnaire. If patients completed more than one questionnaire, we selected for analysis the first complete questionnaire that had a corresponding plasma HIV-1 RNA measurement. For specimens used in this study, virologic suppression was defined as HIV-1 RNA B48 copies/mL. Other variables obtained from the medical record included sex, race, probable route of HIV-infection (injection drug use vs. other), age at HIV-1 RNA measurement, and type of ART regimen.
Data analysis
Statistical analyses were conducted using SAS software (version 9.2; SAS Institute, Inc., Cary, NC, USA). Univariate comparisons of socio-demographic factors and illicit drug use were made between the following groups of patients: those on ART and not on ART; those on ART with and without missed doses; and in a supplemental analysis, those on ART with and without an HIV-1 RNA measurement at the time of their questionnaire. Chi-square tests were used for categorical variables and Wilcoxon tests or ANOVA were used for continuous variables. To further assess the relationship between cocaine and marijuana use, missed doses of ART, and virologic suppression, we used multivariable logistic regression models adjusting for sex, race, age, probable route of HIV infection, and whether or not the patient's ART regimen included an HIV-1 protease inhibitor (PI). The PI variable was included out of concern that virologic response to this drug class may vary with respect to race (Weintrob et al., 2009) . Variables in all analyses were considered statistically significant if two-sided P-values were less than 0.05.
Results
Demographics and illicit drug use of study participants
A total of 3547 questionnaires were completed by 1777 unique patients during the study period. Of these Table 1 . Clinical questionnaire on drug use and adherence to HIV antiretroviral therapy (ART).
1. In the last week (7 days), how many times did you miss any of your HIV medications (antiretroviral therapy only)? ______ days 2. In the last week (7days), how many times did you use any of these substances? a. Marijuana; b. cocaine/crack; c. amphetamines/ crystal meth; d. heroin; e. other patients, 76% were male, 35% were African-American, the mean age was 44 years, and 8% reported injection drug use as their probable route of HIV infection. The prevalence of prior 7-day use of marijuana, cocaine or crack, amphetamine or crystal methamphetamine, heroin, and other drugs was 12.1%, 3.3%, 0.3%, 0%, and 0.3%, respectively.
Antiretroviral therapy (ART) treatment
Of the 1777 patients, 1382 (78%) reported that they were supposed to be receiving ART at the time the questionnaire was conducted ( Table 2) . Females were less likely to receive ART than males, African-Americans were less likely than non-African-Americans, cocaine users were less likely than noncocaine users, and younger patients were less likely than older patients. As expected, patients on ART had a higher median CD4 count and were more likely to have HIV-1 virologic suppression than those not on ART (Table 2) .
Antiretroviral therapy (ART) adherence
Among 1382 patients who were on ART, 149 (11%) did not have an HIV-1 RNA measurement within 10 days of their questionnaire and were excluded from subsequent analyses. There were no statistically significant differences in demographic, drug use, or adherence variables between those with HIV-1 RNA measurements and those without (data not shown).
ART adherence was measured as having missed no doses in the past 7 days. After excluding six patients who did not respond to the missed doses question, 18% (226/1227) reported missing at least one dose in the past 7 days (Table 3) . African-American patients were more likely to report missing doses; use of cocaine, marijuana, and amphetamine were also AIDS Care 111 associated with higher likelihood of missing doses. In addition, those on an ART regimen containing a PI were more likely to miss doses than those on other regimens. Age and sex were not significantly associated with missing doses.
Factors associated with lack of HIV-1 virologic suppression
Nearly 70% (69.7%, 860/1233) of patients who were on ART had HIV-1 virologic suppression (plasma HIV-1 RNA level B48 copies/mL) at the time of their questionnaire. Among 373 patients who were on ART and were not suppressed, the median HIV-1 RNA was 430 copies/mL (interquartile range (IQR): 110-5830 copies/mL). Univariate analyses revealed that compared to no use, cocaine and marijuana use were both associated with missed ART doses (48.6% vs. 17.6%, PB0.001; 26.7% vs. 17.4%, PB0.006, respectively). In the multivariable logistic regression model, cocaine use [adjusted odds ratio (aOR): 0.46; 95% confidence interval (95% CI): 0.22Á0.98], missed ART doses (aOR: 0.36; 95% CI: 0.26Á0.49), African-American race (aOR: 0.64; 95% CI: 0.49Á84), and use of a PIcontaining regimen (aOR: 0.63; 95% CI: 0.48Á0.84) were statistically associated with lack of HIV-1 virologic suppression (Table 4 ). There was no association between virologic suppression and sex, age, or marijuana use.
We repeated the multivariable analysis using lack of virologic failure (HIV-1 RNA B200 copies/mL) as the outcome rather than virologic suppression (HIV-1 RNA B48 copies/mL) (Panel on Antiretroviral Guidelines for Adults and Adolescents, 2011). We found that 992 (80.5%) patients did not have virologic failure [instead of 860 (69.7%) who did have virologic suppression]. The associated factors were similar to the original analyses, including the association of cocaine use: OR02.00 (95% CI: 0.92Á 4.35) for virologic failure versus OR00.46 (95% CI: 0.22Á0.98) for virologic suppression. 
Discussion
Summary of findings
Our study using point prevalence data on drug use and adherence obtained through the use of a brief, clinical questionnaire demonstrated that self-reported cocaine use in the past 7 days, self-reported missed ART in the past 7 days, African-American race, and use of a PI-containing regimen were independently associated with a lack of HIV-1 virologic suppression at the time the questionnaire was administered. In contrast to cocaine use, marijuana use was not independently associated with detectable HIV-1 RNA levels after controlling for missed doses, though it was associated with missed doses.
Cocaine use as an independent factor associated with detectable viremia
As in the present study, use of illicit drugs such as cocaine has previously been correlated with poor ART adherence in HIV-infected individuals (Arnsten et al., 2002; Hinkin et al., 2007) , yet it can be difficult to distinguish the physiologic effects of illicit drug use on HIV replication from the effects of ART nonadherence . Research has linked HIV disease progression in illicit drug users to incomplete ART adherence (Arnsten et al., 2002; Hinkin et al., 2007; Lucas et al., 2002) , but there are also pathophysiologic data to support the direct role of cocaine in HIV disease progression. In vitro studies have reported increased HIV replication in peripheral blood mononuclear cells treated with cocaine (Bagasra & Pomerantz, 1993; Cabral, 2006; Nair, Chadha, & Hewitt, 2000) , with mouse models showing a corroborating increase in circulating HIV-1 RNA (Tashkin, 2005) . It has been proposed that cocaine disrupts immune function by modulating the distribution of lymphocytes, and impedes immune response by inhibiting neutrophil and macrophage function and suppressing cytokine production (Cabral, 2006) . Regardless of the exact mechanism, our data support the hypothesis that cocaine use plays more than an indirect role in virologic control; recent cocaine use remained strongly associated with unsuppressed HIV-1 RNA even after controlling for self-reported adherence, race, and type of ART regimen in the multivariable model. The overall prevalence of reported cocaine use in our cohort (3.3%) was lower than previous studies AIDS Care 113 which ranged from 4.6% to 40% (Bouhnik et al., 2006; Cofrancesco et al., 2008; Hessol et al., 2007; Purcell, Moss, Remien, Woods, & Parsons, 2005; Sohler et al., 2007; Sullivan, Nakashima, Purcell, & Ward, 1998; Tucker, Burnam, Sherbourne, Kung, & Gifford, 2003) . A possible reason is that our questionnaire captured active drug use in the past 7 days as opposed to the past 30 days, previous year, or even longer periods. The 7-day drug use questionnaire captures recent drug use, but may under-represent the prevalence of infrequent cocaine use. Another potential reason for a lower prevalence is that of response bias, since the questionnaire was administered face-to-face by the patients' medical providers. That the questionnaire may under-represent prevalence of cocaine use does not negate its usefulness as a clinical tool for identifying patients with increased risk for detectable viremia. For those identified, medical providers can customize interventions to optimize patient care. As a final note on drug use, though recent marijuana use and recent cocaine use were both significant predictors of missed ART doses, cocaine use alone was a factor associated with unsuppressed virus. This is consistent with reports of both cocaine use and marijuana use affecting ART-taking behaviors (Tucker et al., 2003; Turner et al., 2001) , whereas cocaine use alone Á and not marijuana use Á has a biological impact on disease progression (Cofrancesco et al., 2008; Di Franco, Sheppard, Hunter, Tosteson, & Ascher, 1996; Kipp et al., 2011) .
Association of missed ART with detectable viremia
Since adherence in our study was defined categorically as whether or not patients missed any ART in the previous 7 days it would be difficult to compare directly with other adherence measures which often report percentages of ART doses taken over a period of time. Nevertheless, our results are generally consistent with previous work in this area (Arnsten et al., 2002; Baum et al., 2009; Cook et al., 2008) and our method has the advantage of efficiently capturing active drug use and adherence data at the time of a patient's routine clinic visit and corresponding HIV-1 RNA measurement. Our 7-day questionnaire was favorably perceived by both patients and clinicians and its use has proved to be sustainable in a busy clinical setting, as evidenced by the fact that the CCC is still using it at every patient visit, more than 3 years after it was first implemented. Although the questionnaire has not been formally validated, the observed association between self-reported missed doses and detectable viremia in the present study is consistent with results from studies using more complex measures of adherence (Arnsten et al., 2002) .
Other independent factors
African-Americans in the present study were less likely to be prescribed ART than non-African-Americans (71% vs. 81%, P B0.001) and were more likely to report missing doses (22% vs. 17%, P 00.03). Previous studies at our institution showed that African-American patients were slower to initiate ART and were less likely to receive ART while in care at the CCC (Lemly et al., 2009; McGowan et al., 2011) . While concerning, these data do not account for the racial difference in virologic suppression found in the present study, since all patients in the multivariable analysis were on ART and the model adjusted for missed doses. The data corroborate a recent study in a US military cohort which showed that virologic response differs between African-Americans and European Americans initiating ART with equal access to care (Weintrob et al., 2009 ). However, that study did not include a measure of adherence, a limitation which our study has attempted to address. Of note, treatment with PI-containing ART was associated with missing doses of ART and was also an independent factor of decreased virologic suppression. Several plausible explanations for these findings exist, including that PIs may be given more frequently to patients who are deemed less likely to adhere to treatment or to those who harbor viral resistance mutations.
Limitations and concluding remarks
It is possible that patients who are actively using drugs might be less likely to present for care (Johnson, Sabin, & Girardi, 2010) . We did not have data to test this hypothesis, as ours is an HIV outpatient clinicbased study. A selection bias is possible, but it would be expected that active drug users not presenting at the clinic would also not have virologic suppression due to sporadic care, which is consistent with our findings. In addition to this potential selection bias and response bias mentioned earlier, our study has several other limitations. First, without strong assumptions it is not possible to make causal inferences from crosssectional data. Without longitudinal data, we cannot comment on how lack of adherence or drug use affects HIV-1 disease progression. We did not collect information on alcohol use, which is usually more common than use of illicit drugs, but measurement of alcohol use is complicated. In addition, dichotomizing the quantitative adherence and drug use responses into ''yes'' and ''no'' variables resulted in a loss of questionnaire specificity. A person who missed one dose of ART was lumped into the same category as a person who missed all 7 days of ART. This method may not bias the results in either direction along the adherence continuum, because it is reasonable to consider any missed ART a lack of adherence since the time period in question is so short. However, missing multiple doses is likely associated with a higher probability of detectable HIV-1 RNA and may also be associated with cocaine use. Therefore, we cannot rule out the possibility that among those who reported at least one missed dose of ART, the association between cocaine use and lack of viral suppression was due to cocaine users missing more doses than nonusers. Finally, in order for our questionnaire to be administered consecutively to all patients in a busy clinical setting, it was substantially modified from longer validated questionnaires. Thus, in the future, this simple questionnaire requires validation compared to an accepted standard and/or measured medication and drug levels to confirm its usefulness as a rapid screening tool.
Our results are consistent with the evolving body of knowledge on adherence, drug use, and race in relation to virologic control, and data were captured together over a very short period of time surrounding a clinic visit. These real-time data, corresponding with ''point-in-time'' virologic control, set our study apart from others that have not simultaneously considered adherence, drug use, and virologic suppression. The questionnaire is also clinically useful for identifying those with increased risk for detectable viremia and is simple and inexpensive to administer. Further studies that collect more comprehensive longitudinal data on adherence and drug use are needed, as are molecular studies to look at the immunomodulating effects of active cocaine use on HIV-1 replication.
